AJ1'.Sea 11ItS'«f1on Growp, F~ St4t~ UlII-*y. T~!Ṽ ariability in the tropical Pacific Oc:ean is investigated by usina the result or a 1iJtear, red~Yity transport numeric:al model with realistic basin geometry in spberical coordinats. Oblerved monthly wind stress for from ships drivs the model. Upper layer thickness data for [1965][1966][1967][1968][1969][1970][1971][1972][1973][1974][1975][1976][1977][1978][1979][1980][1981] [1982] [1983][1984] are analyzed after dividina it into 12-month runoina mean data and residual data. The former ~ts interannual variability, and the latter ~ts hiIber-&equeocy (mainly ~) variability. The standard deviation in the equatorial Msion is relati~y -.II for both variabilities. The standard deviation for the interannual variability is larpr in the central and wstern Padfic Oc:ean outside the equatorial region, while the variation for the hiaher-fIequency variability is considerably tarter even in the eastern Msion. The IafF amplitude of the staDdard deviation about the hiIber-frequeocy vuiability is laraelY confined to the northern hemisphere. The map of the temporal ~tion scale shows that the temporal decorrelation sc:ale defined as an e-foldina ICaIe is ~12 months about the interannual variability almost everywhere. The zonal decorrelation scale shows larae chanps in different resions and at different times, while the meridional decorrdation scale shows -.II chao... The zonal decorrelation scale decreases with increasina latitude. The zonal decorrdation ICaIe about the interannual variability is much laraer than that about the hiper-frcquency variability. These data may be helpful for desianina field observina proarams using expendable bathythermographs and drifters.
height data (0/400 dbar) by White [1983] . White et aI. [1982] demonstrated that both north and south of 17.5°N, the temporal decorrelation scale in the subsurface temperature is approximately 6 months, while the meridional (zonal) decorrelation scaJes arc 600 km (100 longitude) between SO and 17.SON and 300 km (250 lonaitude) between 17.50 and 300N in the w~tern North Pacific. They used the zero correlation scale as temporal d~rrdation scale and zonal decorrelation scale boo tween 50 and 17 .5°N and the e-folding correlation scale as meridional decorrelation scale and zonal decorrelation scale between 17.50 and JaON. White [1983] showed similar results that the temporal decorrcIation scale is approximately the same (i.e., 6-9 months), while the zonal decorrelation scale decreased poleward (i.e., from 100 longitude at 7.5°N to 50 longitude at 325°N). The zonal phase speeds were calculated by White [1983] and White et aI. [1985b] . Vertically averaged temperature over the upper 400 m of the entire Pacific Ocean between 200 and SOON was used by White et al. [1985b] . Both results ~tablished that the interannual variability propagated westward off the equator. But the propagation speeds obtained in the former paper seems to be smaller than those in the latter paper. Meyers [1975] computed vertical displacements of the thermocline from wind stress curl using a formula derived by Yoshida and Mao [1957] . He found that the observed vertical displacements of the thermocline in the central Pacific arc similar to the computed displac:ements. Morcover, Meyers [1979a] identified and described the areas of largest annual variations in the depth of 14°C isotherm throughout the tropical Pacific Ocean between JaON and JaOS. He showed that large-amplitude variations were confined to the repon boo tween 40 and 15°N and the largest variations were found at 60 and 12°N. Near 6°N the variations in depth propagated westward at nearly the phase speed of free long ROIIby waYS. Near 12°N they have almost the same phase across the f rom the American coast to 145°E. Mean annual variation of sea level in the Pacific Ocean was documented by Wyrtki and Leslie [1980] . They determined the amplitudes and phases of the annual and semiannual variations by a harmonic analysis
INTR.ODUC"I1ON
In recent years our understanding of the tropical ocean bas increased. Many studies indicate a strong correlation betw~n sea surf~ temperature anomalies in the tropical ocean and anomalies in the global atmospheric circulation. These indications mean that we need to predict fluctuations in tbe tropical ocean in order to make good long-range weather predictions. To achieve this goal, we must obtain an a<x:urate knowledge of temporal and spacial scales of variability in the tropical ocean. However, it is difficult to do this with only limited oceanographic data. Previous estimates of those scales are based upon the limited historical hydroJl'&Phic data with assumptions about stationarity and homogeneity though the statistical structure changes depending on the time and the pl~ Also, we must carefully prepare a plan to measure oceanographic variables because of the vast oceanic space and the long time scales of interest. ~Success of observational programs depends on the choice of where and how to observe. Hence statistical studies of dynamical models, which provide much more extensive and complete data. are very useful and important for the observational array design as a ship-ofopportunity program or a drifter program.
In the tropical western North Pacific, White and HCUUIaIInG [1980] and White et aI. [198Sa] showed that interannual maximum variance in dynamic height (0/400 dbar) occurred along IsoN and between 00 and soN, with minimum variance in betw~n. They also found that the interannual variance over the entire latitude range was larger in the west, decreasing eastward. Decorrelation scales of climatic variability were investigated on the basis of the temperature data for 100 m and 200 m by White et al. [1982] and on the basis of dynamic 13,931
KumrA AND O'BaEN: U... ~ PACIPIC M(X)EL VAaJABIUTY at G~B ~ . (lc) and provided valuable ma~ of the distribution of the harmonic parameters. Large annual variationl in the tropical Pacific can be seen along the eastern and western boundaries and in the ~ntral Pacific between So and IsoN. Wyrtki and Leslie [1980] also presented the map of the ratio of the annual to the semiannual amplitude. At most stations except those in the western equatorial Pacific. the annual signal dominated the semiannual signal. The purpose of this paper is to describe the statistical structure of variability in the tropical Pacific Ocean by analyzing the up~r layer thickness of the numerical model. The model used in this study is a reduced-aravity, linear transport model. using realistic basin geometry and using observed winds as forcing. The model is considerably similar to the model of Busalacchi and O'Brien [1980] but differs from their model with re8pcct to the latitudinal extent. the grid ~ and the coordinate system. In the present study the maps of the longterm mean and the standard deviation are conducted for the interannual and the higher-frequency variability in the tropical Pacific Ocean. The important feature in those maps is that the standard deviations about both variabilities are relatively small in the equatorial region. We calculated the temporal and spatial decorrelation scales. The results show that the zonal decorreIation scale shows larF changes depending on regions. times. and kinds of variability. while the change of the meridional decoFrelation scale is very small. The temporal decorrelation scale is approximately same almost everywhere. but the values, 9-12 months. are larger than thole found by While et al. [1982] and White [1983] . It is shown that anomalies of the higher-frequency variability propagate toward the west in the entire tropical Pacific. The propagation speed is in agreement with that of baroclinic long ROISby waves outside the equatorial region and with that of the third-mode equatorialtrapped ROISby wave at SON and soS.
where U and V are the transports in the zonal (,;) and meridional (8) directions, h is the upper layer thickness, c( = gH(P2 -pJ/P2) is the baroclinic gravity wave speed, a is the radius or the Earth, Q is the rotation rate of the Earth, and A is a horizontal kinematic eddy viscosity. Tho wind stress, T = [~.),
.']. is applied as a body force over the upper layer. H deDotes the initial upper layer thickness. For the present study, we adopt H = 300 m. A = 500 m2 5-1. Q -0.729 X 10-4 5-1, a -6378 km. and c -2.45 m S-I.
The model basin extends from was to 25°N and from 124°E to 76°W and approximates the coastline pometry of the Pacific Ocean by using 0.125° in the both directions as a grid size. The model geometry is shown in Figure 1 . We adopt the Arakawa C grid [Mningn and Arakawa. 1976 ] to redc omputer core storage. The equations are integrated in time using a leapfrog scheme, with a forward scheme used every ninety-ninth time step to eliminate the computational mode. The model time step is 30 min. The diffusive terms are computed by a DuFort-Frankel scheme. This scheme is not consistent unless a time step At goes to zero faster than a grid size 4.~ [O'Brien. 1986 ]. However. the scheme behaves properly in the present model because A (41)1 « (4x)2.
Boundaries except the northern and southern boundaries are taken to no-slip solid walls. An open boundary condition that is described by Camerlengo and O'Brien [1980] is applied at the northern and southern boundaries.
The model is integrated from rest for 4 years by using mean monthly wind stress data. The mean monthly wind stress is obtained by averaging over the 24 yean . After the 4-year seasonal calculation. we proceed to integrate over a period of 24 years by using wind stress values for each month from January 1961 to December 1984.
the wind stress data come from ship wind oblervatioDl. Individual ship wind observations had been grouped into monthly values on a 2° x 2° grid (see Goldenberg and O'Brien [1981] for more details). The data were used to drive the model after being rearranged into each model grid point by a spline interpolation. For the present study, the density of air is taken to be 1.2 kg m -3 and a drag coefficient is taken to be 1.7x 10-3. model and the length of the calculation period. It is very difficult to handle the whole set; therefore we exclude the first 4 years ' (1961-1964) results from the present analysis owing to noise and spin-up transients from the initialization of the model. Moreover, original data, which are saved every 6 days and each grid point, are transformed into the monthly mean data on a lox 10 grid. The monthly mean data is divided into two data sets. The ,first data set is obtained by applying a 12-month running mean filter to the monthly mean data. The second data set is obtained by subtracting the first data set from the monthly mean data. The first data set can be considered to represent the interannual variability, and the second one, the higher-frequency variability. Basically, we analyze only the data for the upper layer thickness in the present study.
shown in Figure 3 . Recently, Inoue and O'Brien [1987] showed the existence of quasilinear trends in sea level records at island stations in the western and central equatorial Pacific. A quasi-linear trend like this may make a considerable difference for the standard deviation value. Therefore the standard deviations were calculated after the trend was removed. The most significant and interesting feature, common to both variabilities, is the small variability in the equatorial region. It is an interesting feature because the variability of the sea surface temperature there is considered to be large, as the EI Nino phenomenon shows. However, we can anticipate several reasons for the remarkable difference between the model height and the sea surface temperature variations. First, in the equatorial region even a small vertical and zonal motion may easily generate a large temperature variation because there are sharp vertical and zonal temperature gradients in that region. This indicates the importance of advection for the thermal variability in the equatorial region [Harrison and Schopf, 1984] . Second, height field variations near the equator cannot be represented quantitatively by the only first baroclinic mode [Busalacchi and Cane, 1985] . This means that the present height field variations may be underestimated. Finally, it should be noted that the smallness of the model height variations does not necessarily indicate a small velocity field near the equator where the Coriolis parameter is very small. Figure 3a shows that the equatorial weak v~ability region extends homogeneously between 70S and 7°N. The homogeneity suggests that the region is quite different from other regions dynamically. In the equatorial region, geostrophic currents are generated in a short time because the inertial period is very long and the propagation speed of waves is very fast. Thus for the interannual variability we can easily get a homogeneous and currentlike structure in the equatorial region instead of a wavelike structure outside the region. Philander [1979, Figure 1 ] gives a usefu1 illustration of the equilibrium time scale.
Generally, the eastern Pacific shows less variability. In the central Pacific the distribution of the standard deviation shows a remarkable band structure. We can see ridges at lOON, lsoN, 8°N, 80S, and 16°8, with troughs in between. The zonal band structure suggests that the zonal decorrelation scale is rather larger than the meridional decorrelation scale about the interannual variability. This will also be explicitly shown by an analysis of the decorrelation scale later. There exists two maximum regions at 16°N and noN in the western Pacific. The values are largest near the coast. It is interesting that there is a minimum near the date line on the equator.
LoNG-TERM MEAN AND STANDARD DEVIATION
The long-term means of each data set are calculated. Only the map for the interannual variability is displayed (Figure 2 ) since the long-term mean for the higher-frequency variability is quite small « 3 m). This suggests the periodicity of the higher-frequency variability. The mean map shows features almost similar to those obtained by the previous numerical model [e.g., O'Brien and Nash. 1983] and by the hydrographic data [e.g., White and Hasunuma, 1980] . The Countercurrent Trough runs almost zonally between S° and looN in the entire basin. It is noted that the Equatorial Ridge is well defined in the eastern Pacific in Figure 2 , whereas it did not appear clearly in the upper layer thickness of the previous model. Though the slope of the upper layer thickness exists north of the Countercurrent Trough, we cannot find the maximum corresponding to the North Equatorial Ridge in Figure 2 Reid and Arthur [1975] found that the axis of the subtropical gyre shifts poleward with increasing depth. White and Hasunuma [1980] also showed that the location of the North Equatorial Ridge shifts to the northwest with increasing depth, lying at 17.soN at 200 m, 2soN at 300 m and 300N at 400 m. Since the mean upper layer -thickness in the western North Pacific is considerably larger in the present model. the position of the North Equatorial Ridge is expected to correspond to a vertically averaged position above the main thermocline. Thus the North Equatorial Ridge may not appear in Figure 2 The large values in the western North Pacific seem to be the depth of the main thermocline.
The distributions of the standard deviations about the interannual variability and the higher-frequency variability are White and Hasunuma [1980] calculated the interannual rms differences of surface dynamic height (0/400 dbar) about the mean annual cycle from 1954 to 1974. They used 2.50 latitude by 50 longitude north of 17.5°N and 50 latitude by 10° longitude south of 17.5°N as a regular space grid. Their observational results also show a remarkable zonal band structure. The maximum value at 15°N is common to both our model and their observations. The feature that the variability is larger in the west. decreasing eastward can be seen in both of the observational and model results. The minimum values in the Countercurrent Trough between 5° and looN exists only east of l000E in Figure 3a . Meridional characteristic scales in Figure 3a are smaller than those observational values. This may be because the meridional resolution in their study is not fine enough. White et al. [1985b] presented the map of the interannual rms differences of vertica11y averaged temperature over the upper 400 m for the 4-year period [1979] [1980] [1981] [1982] It is inferesting that they gave the opposite result that demonstrated the existence of the maximum variability extending zonally in the Countercurrent Trough at 8°-100N. Figure 3b shows that the higher-frequency variability basica11y has the almost same amplitude as the interannual variability, but the range of the amplitude is much narrower. One of the major differences between the interannual variability and the higher-frequency variability is that there exist regional maxima at 12°N and 200N even in the eastern Pacific in the higher-frequency variability. These two maximum regions seems to continue to the maximum regions at 7°N and lION in the central Pacific. The west-equatorward tilting of the pattern is a distinct feature. This tilting corresponds to the lower critical latitude of annual Rossby waves in comparison with interannual Rossby waves as expected by theory. Figure 3b suggests that large annual disturbances are generated in the eastern Pacific and reinforced in the central Pacific, while major interannual disturbances are generated in the central Pacific. We can find the regional maximum variability near the west coast at 7.soN and 4°S. The positions of those maxima are equatorward in comparison with the case of the interannual variability. It is significant that the large amplitudes are largely confined to the region between 40 and woN and that the amplitudes north of WON are very small.
The higher-frequency variability in the present paper contains not only the annual variability but also other shortperiod varibility, for example, the semiannual variability. But the annual variation is the most dominant signal on time scales of less than 1 year. The ratio of the annual and semiannual amplitudes is generally small, with the exception of western tropical Pacific [Wyrtki and Leslie, 1980] . Thus it is interesting to compare the present result on the higherfrequency variability with the observed annual variability. Meyers [1979a] showed the geographical map of the annual amplitude of variations in the depth of the 14°C isotherm. Large-amplitude variations are confined to the region between 40 and IsoN in his map. Even the amplitude of variations is very similar to the present result But the large-amplitude region located at the east coast from 00 to 6°N in his map can not be found in Figure 3b . Figure 3b shows features more complicated than those in his map. This may be due to the fact that he used a large grid, 20 latitude x 100 longitude. Wyrtki and uslie [1980] analyzed the mean annual variation of sea level in the Pacific Ocean and charted the distribution of the amplitudes of the annual variations. Though their results depend heavily on the position of sea level stations, the map gives us several interesting features. In the map there are Figure 3b . However, the regional maximum at 170oE on the equator in their map can not be seen in Figure 3b . The ratio of the standard variation for the two variabilities is shown in Figure 4 . The meridional extent of the region, where the higher-frequency variability is larger than the interannual variability, is narrower in the west and increases eastward. The region is between 20oS and 20oN in the eastern Pacific while the region is between 70S and 7°N in the western Pacific. There exist two distinct ~axima at 1800, 2°S and l60oW,6°N.
DECORllELATJON ScALES
The map of the temporal decorrelation scale for the interannual variability is given in Figure 5 . The decorrelation scale is defined as the e-folding scale of the autocorrelation because the decorrelation scale defined as the first zero crossing scale of the autocorrelation is too noisy and sometimes we cannot find the first zero crossing. The e-folding scale of the autocorrelation is the time lag To at which the autocorrelation function is equal to e-1 times of the zero-lag autocorrelation function; that is, choose values of the nearest whole month as temporal decorrelation scales.
The outstanding feature in Figure 5 is that large decorrelation scales are generally confined to the northern hemisphere.
other feature is that the range of ttlose decorrelation scales is not so great except in the western North Pacific. Those values are in the range from 9 to 12 months. In particular, the value in the equatorial region is very stable in the range from 9 to 10 months. These values mean that the interannual variation in the equatorial region takes place with a cycle of about 4 years if we assume the variability to have a sinusoidal form. The temporal decorrelation scale obtained in the present study is larger than those obtained by White et aI. [1982] and White [1983] . There are several differences among the calculations which influence the results. In particular, the difference in data processing is very important. White et al. [1982] created the anomaly data of the interannual variability in the usual way, by subtracting the long-term monthly or seasonal means from the original monthly or seasonal values. The same method had been used in many previous studies to investigate interannual or climatic variability [e.g., Rasmusson and Carpenter, 1982] . But it will be shown in this section that this C(TJ ~ C(O)e-1 (2) where C is the autocorrelation function. The autocorrelation is computed after re~oving the trend. We approximately method is not appropriate in some cases. The time variation of the zonal decorrelation scale for the higher-frequency variability is shown in Figure 11 . It is surprising that there is a remarkable difference betw~ zonal decorrelation scales inside and outside of the equatorial region. The amplitudes of the long-term variation are much smaller than those about the interannual variability. We zonal decorrelation scale is large in the equatorial region. This feature reftects the rapid response in this region. The zonal decorrelation scales in the equatorial region are relatively large during the ENSO events, with an exception of the 1976-1977 event. There exist several significant peaks at 1S"N. which ~ to be related to the ENSO events.
SPEED .. I~ Ilelll-IE:
SPEED" ~ Fl8R.IES l8«; RBSSBY IllVE SPEED cannot find the relation between the long-term variation and the ENSO events. The meridional decorrelation scales at each longitude are shown in Figure 12 for the interannUal arid higher frequency variability. Figure 12 indicates that the meridional decorrelation scale is almost constant. about 4° latitude, and independent of the longitude and the time scale. The value suggests that the higher-frequency variability has the same scale in the meridional and zonal direction north (south) of 15°N (15°S). We also calculated the time variation of the meridional decorrelation scale (not shown here), but we could not find any significant time variation.. We computed propagation speed by the ratio of space lag to time lag giving the maximum value of the cross-correlation coefficient. Since variability consists of not only free waves but also wind forced motions, which make propagation characteristics obscure, the variance of the computed propagation speed is very large. In the present study we calculate the average propagation speed at each latitude by using only the data whose correlation coefficient is larger than the critical value for the 99% confidence level. The effective ratio, which means the ratio of the number between the data used and the complete data set, may be one kind of a criterion when we judge whether the free wave motion is dominant or not. In the equatorial region the effective ratio was distinctly low, less than 50% in most cases. The effective ratio for the higherfrequency variability is much higher than that for the interannual variability and more than 99% outside the equatorial Propagation speeds are plotted in Figure 13 , together with zonal speed of a baroclinic long Rossby wave. Since the effective ratio for the interannual variability in the equatorial region is less than 40%, we excluded those values from Figure  13 . We generally used 5 months as time lag, but in the equatorial region we used 2 months as time lag because the zonal propagation speed is very fast in that region. For example, the effective ratio at 50S was 99% in the case of 2-month time lag, while it was only 52% of 5-month time lag. This result corresponds to the fact that the response in the equatorial region is so rapid that forced motions are dominant [Philander, 1979] . The comparison of theory and model results in Figure 13 demonstrates a consistency between the westward propagation of higher-frequency anomalies of upper layer thickness and of free long Rossby waves outside the equatorial region. The propagation speeds at 5°N and 50S, 35-36 cm S-1, are quite different from the values expected by longwave theory but are similar to the propagation speed of the third-mode equatorial-trapped Rossby wave, 35 cm S-I. However, the propagation speed on the equator is much less than the speed of the first-mode Rossby wave. This may reflect the complicated structure and the rapid response around the equator. It is curious that the propagation speeds about the interannual variability are slower than those about the higher-frequency variability and more different from the values expected by longwave theory, though the zonal decorrelation scales for the interannual variability are larger than those for the higherfrequency variability. This also indicates that the wavelike motion is not dominant for the interannual variability.
At the equator anomalies propagate eastward at a speed of 200-230 cm S-I. This suggests the existence of equatorial Kelvin waves, which propagate eastward at a speed of 245 cm s -1 in the present model. But the results, especially for the interannual variability, are not reliable because the effective ratio is quite small (10%) and the standard deviation is very large (220 cm 5 -1). We computed propagation speed by the ratio or space lag to time lag giving the maximum value or the cross-correlation coefficient. The westward propagation or higher-frequency anomalies is consistent with that or free baroclinic long Rossby waves outside the equatorial region and with that or the third-mode equatorial trapped Rossby wave between 5°N and 50S. However, the westward propagation speed on the equator is much less than the first-mode Rossby wave. At the equator, anomalies also propagate eastward at almost the same speed as the equatorial Kelvin wave, but the statistical reliability is not high. These results suggest that we need more stringent handling or data for the equatorial region.
We pointed out that there occurs a remarkable differend epending on the data processing methods. This seems to ã n important point If we distinguish between the interannual variability and the higher-frequency variability by those frequencies, the conventional definition of interannual variability (i.e. deviation from mean seasonal cycle) ~ to be unsuitable because we are not ~ble to separate each variability with accuracy by the conventional method. Hereafter, much more work needs to be done on problems of the da~a processing method.
The results presented here indicate that statistical studi~ of using a linear numerical model output are very useful and supply important information on how to design an optims ampling. It should be noticed that the model output contains only the first baroclinic mode. Other approaches needs to "be taken for the regions where we cannot neglect effects of the higher modes. In the present paper we described the variability in the tropical Pacific by analyzing a numerical model output statistically but made no attempt to explain this variability. In order to get the physical explanation. other data. especially wind data, should be anal~ together. This problem will be discussed in another ~per.
The model is very similar to that of Busalacchi and O'Brien [1980] but is improved with respect to the grid interval, the size of the model basin, and the coordinate system.
The monthly data of the upper layer thickness for 1965-1984 were analyzed after dividing them into the 12-month running mean data and the residual data. The former data set contains the interannual variation. and the latter contains the higher-frequency variation. The standard deviations in the equatorial region are relatively small for both variabilities. The interannual variability is larger in the central and western Pacific than in the eastern Pacific at all latitudes and formed remarkable regional maxima near 15°N and woN and a minimum between 5 and lOON east of 16QOE. These features are in agreement with the observed features of White and Hasunuma [1980] , in which the interannual rIDS differences of surface dynamic height (0/400 dbar) about the mean annual cycle are calculated. About the higher-frequency variability, largeamplitude regions exist even in the eastern Pacific at 12°N and 200N. These two maximum regions seems to continue to the maximum regions at 7°N and lION in the central Pacific separately. It is tempting to conclude that large annual disturbances are generated in the eastern Pacific and reinforced in the central Pacific, while major interannual disturbances are generated in the central Pacific. It is significant that the large amplitudes are mainly confined to the region between 40 and 200N and the amplitudes north of 200N are very small. This result is in agreement with the large-amplitude re~on which Meyers [1979a] showed about the annual amplitude of variations in the depth of the 14°C isotherm.
The temporal dccorrelation scales for the interannual variability are in the range from 9 to 12 months. These values are somewhat larger than values observed by White et al. [1982] and White [1983] . They created the anomaly data of the interannual variability in the usual way, by subtracting the longterm monthly or higher-frequency means from original values. We demonstrated that we get medium values between the interannual and the higher-frequency decorrelation scale, if we use the anomaly data obtained in the usual way. This result indicates that the minimum sampling density required for the estimation of interannual signals in the tropical Pacific is not so high as was considered previously. But in the region where the higher-frequency variability is not negligible, we require higher minimum sampling density in order to avoid the aliasing problen1. The temporal decorrelation scale about the higher-frequency variability is 3 months almost everywhere. However, the scale is smaller in the equatorial region. This suggests that we need a finer interval of time sampling there.
The zonal dccorrelation scales for the higher-frequency variability are much less than those for the interannual variability, but both variabilities show that the zonal decorrelation scale decreases with increasing latitude. The decreasing rate of the decorrelation scale and the amplitudes of the standard deviation for the higher-frequency variability are different inside and outside the equatorial region. This suggests that the dominant dynamics are quite different between each region. Though the zonal decorrelation scales are gencra1ly large in the equatorial region. we should make a sampling plan with attention to the fact that the scales show large changes at different times. In paricular, the scales are larger during the ENSO events.
The meridional decorrelation scales are almost constant. about 4° latitude, and independent of the longitude and the time. This feature is in striking contrast to the zonal decorrelation scales.
